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(54) Electro-optical device, color filter substrate and electronic apparatus 



(57) To provide an electro-optical device and a color 
filter substrate capable of ensuring both brightness of 
reflective display and saturation of transmissive display 
when used in a display device capable of performing 
both reflective display and transmissive display. 

A reflective layer 212 having an aperture 212a for 
each pixel is formed on a first substrate 21 1 , and a color- 
ed layer 214 for constituting a color filter is formed ther- 
eon. A surface protection layer 215 is formed on the 
colored layer 214, and a transparent electrode 216 is 
formed further thereon. The colored layer 214 is consti- 
tuted so as to cover the aperture 212a in a two-dimen- 
sional direction, but overlaps only a part of a reflection 
surface in the pixel in a two-dimensional direction. 
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Description 

[0001] The present invention relates to an electro-op- 
tical device, a color filter substrate and an electronic ap- 
paratus, and more'specifically, it relates to a technology 
suitable for a structure of a color electro-optical device 
having a reflective layer. 

[0002] Transflective display type liquid crystal display 
panels capable of visually recognizing reflective display 
utilizing the external light and transmissive display uti- 
lizing illumination light such as a backlight have been 
known. This transflective display type liquid crystal dis- 
play panel has a reflective layer for reflecting the exter- 
nal light in its panel so that the illumination light of the 
backlight can be transmitted through this reflective layer. 
This kind of the reflective layer includes one having an 
aperture (a slit) of a predetermined area for each pixel 
of the liquid crystal display panel. 
[0003] Fig. 20 is a schematic sectional view schemat- 
ically showing a diagrammatic structure of a convention- 
al transflective display type liquid crystal display panel 
100. This liquid crystal display panel 100 comprises a 
substrate 101 and a substrate 102 affixed to each other 
via sealing members 103, and has a structure with a liq- 
uid crystal 104 sealed between the substrate 101 and 
substrate 102. 

[0004] A reflective layer 1 1 1 having an aperture 111a 
and a reflection part 111b for each pixel is formed on an 
inner surface of the substrate 1 01 , and a color filter 1 1 2 
having colored layers 112r, 112g and 112b, and a sur- 
face protection layer 11 2p is formed on this reflective 
layer 1 1 1 . A transparent electrode 1 1 3 is formed on the 
surface of the surface protection layer 11 2p of the color 
filter 112. 

[0005] On the other hand, a transparent electrode 121 
is formed on an inner surface of the substrate 1 02 so as 
to be across the transparent electrode 113 on the sub- 
strate 101 facing thereto. An alignment layer, a hard 
transparent layer, etc. are appropriately formed on the 
substrate 101 and the substrate 102 as necessary. 
[0006] On an outer surface of the substrate 1 02, a re- 
tardation film (a quarter wavelength plate) 1 05 and a po- 
larizer 1 06 are successively disposed. On an outer sur- 
face of the substrate 101, a retardation film (a quarter 
wavelength plate) 107 and a polarizer 108 are succes- 
sively disposed. 

[0007] When the liquid crystal display panel 100 con- 
stituted as described above is installed in an electronic 
apparatus such as a cellular phone and a portable in- 
formation terminal, a backlight 1 09 is fitted to a back side 
thereof. In this liquid crystal display panel 100, the ex- 
ternal light is transmitted through the liquid crystal 104 
along a reflection path R during the daytime or in a bright 
place indoors, and then, reflected by the reflection part 
111b, and again transmitted through the liquid crystal 
104 and emitted therefrom, allowing the reflective dis- 
play to be visually recognized. On the other hand, during 
the night-time or in a dark place outdoors, by lighting the 



backlight 1 09, the light transmitting through the aperture 
111a out of the illumination light of the backlight 109 is 
transmitted through the liquid crystal display panel 100 
along the transmission path T and emitted therefrom, 
5 allowing the transmissive display to be visually recog- 
nized. 

[0008] However, in the conventional transflective dis- 
play type liquid crystal display panel 100, the light is 
transmitted through the color filter 112 two times on the 
10 reflection path R while the light is transmitted through 
the color filter 112 only once on the transmission path 
T. Thus, brightness of the reflective display is degraded 
compared with brightness of the transmissive display. 
In addition, a problem occurs in that saturation in the 
transmissive display is degraded with respect to satura- 
tion of the reflective display. This means that, in the re- 
flective display, display brightness is generally insuffi- 
cient, and display brightness must be ensured by setting 
the light transmittance ratio of the color filter 112 to be 
high. However, in this configuration, sufficient saturation 
cannot be obtained in the transmissive display. 
[0009] As described above, the number of transmis- 
sions of the light through the color filter is different be- 
tween the reflective display and the transmissive dis- 
play, and thus, saturation of the reflective display is 
largely different from saturation of the transmissive dis- 
play. A problem of sense of incongruity thus occurs. 
[001 0] The present invention is thus achieved to solve 
the above problems, and an object of the present inven- 
tion is to provide a color filter substrate capable of en- 
suring both sufficient light of the reflective display and 
saturation of the transmissive display when used in a 
display device, enabling both the reflective display and 
transmissive display. Another object is to provide a 
transflective display type electro-optical device capable 
of ensuring both brightness of the reflective display and 
saturation of the transmissive display. Still another ob- 
ject is to realize display technology capable of difference 
in saturation between the reflective display and the 
transmissive display. 

[0011] In order to solve the above problems, the in- 
ventor of the present invention found that brightness of 
the reflected light reflected by the reflective layer can be 
ensured by constituting the colored layer so as to over- 
lap only a part of the reflective layer in a two-dimensional 
direction, and constituting the colored layer so as not to 
overlap other parts of the reflective layer. 
[0012] In particular, in a case of the transflective dis- 
play type electro-optical device, a reflective layer having 
an optical aperture is provided, a colored layer at least 
partly overlaps the optical aperture, and the colored lay- 
er overlaps only a part of the reflective layer, leading to 
improvement of saturation of the transmissive display 
while ensuring brightness of the reflective display. . 
[001 3] More specifically, the color concentration of the 
colored layer is set to a predetermined value in advance 
so as to obtain an excellent transmissive display with 
the colored layer overlapping the optical aperture, and 
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then, brightness of the reflective display can be ensured 
by adjusting the overlapping ratio of the colored layer 
on the reflective layer. 

[0014] The electro-optical device of the present inven- 
tion comprises an electro-optical substance layer dis- 5 
posed between a pair of substrates (for example, a liquid 
crystal layer), a colored layer disposed between one of 
the pair of substrates and the electro-optical substance 
layer, and a reflective layer having a reflection part for 
reflecting the light passing through the electro-optical 10 
substance layer and the colored layer and an aperture, 
and the colored layer is disposed on the aperture, and 
disposed only on a part of the reflection part. 
[001 5] According to the present invention, the colored 
layer is disposed on the aperture, and disposed only on 15 
a part of the reflection part, and thus, the brightness of 
the reflected light can be adjusted according to the over- 
lapping ratio of the colored layer on the reflective layer, 
and such adjustment is not related to the overlapping 
condition of the colored layer on the optical aperture, 20 
and the color of the transmitted light is prevented from 
being influenced. Thus, the influence of the colored lay- 
er on the reflected light and the influence of the colored 
layer on the transmitted light can be set independently 
from each other. 25 
[001 6] Here, the ratio of the area of the reflection part 
overlapping the colored layer to the area of the reflective 
layer (hereinafter, referred to as "reflection coloring ra- 
tio") is preferably smaller than the ratio of the area of the 
aperture overlapping the colored layer to the area of the 30 
aperture (hereinafter, referred to as "transmission color- 
ing ratio"). Since the transmitted light passing through 
the optical aperture is transmitted through the colored 
layer only once while the reflected light is transmitted 
through the colored layer twice, the brightness of the re- 35 
fleeted light is lower than that of the transmitted light in 
a normal condition, and the saturation of the transmitted 
light is lower than the saturation of the reflected light. By 
setting the reflection coloring ratio to be smaller than the 
transmission coloring ratio, the brightness of the reflect- *o 
ed light can be increased, the saturation of the transmit- 
ted light can be relatively improved, and the difference 
in color between the reflected light and the transmitted 
light can be reduced. 

[0017] In addition, the colored layer is preferably dis- 45 
posed so as to completely cover the aperture. By dis- 
posing the colored layer so as to completely cover the 
optical aperture, the saturation of the transmitted light 
can be further increased. 

[0018] In some cases, the reflective layer and the so 
colored layer are disposed on one of the pair of sub- 
strates, and in some cases, the reflective layer is dis- 
posed on one of the pair of substrates, and the colored 
layer is disposed on the other of the pair of substrates. 
In each case, an optically similar effect can be obtained. 55 
[0019] The colored layer is preferably disposed in an 
expanding manner over the reflection part around the 
aperture from the top of the aperture. Since the colored 



layer is disposed in an expanding manner from the ap- 
erture over the reflection part therearound, the colored 
layer can be integrally formed. Thus, the pattern of the 
colored layer need not be formed into very small pieces, 
and can be easily manufactured with high yield. 
[0020] Another electro-optical device of the present 
invention comprises an electro-optical substance layer 
disposed on a plurality of pixels, a colored layer dis- 
posed on each pixel, and a reflective layer having a re- 
flection part disposed on each pixel and reflecting the 
light passing through the electro-optical substance layer 
and the colored layer and an aperture, and is character- 
ized in that the colored layer is disposed on the aperture, 
and disposed only on a part of the reflection part. 
[0021] According to the present invention, the colored 
layer is disposed on the aperture in a plurality of pixels, 
and disposed only on a part of the reflection part, and 
the brightness of the reflected light can be adjusted for 
each pixel according to the overlapping ratio of the color- 
ed layer on the reflective layer. However, such adjust- 
ment is non-related to the overlapping condition of the 
colored layer on the optical aperture, and the color of • 
the transmitted light can be prevented from being influ- 
enced. Thus, the influence of the colored layer on the 
reflected light and the influence of the colored layer on 
the transmitted light can be set independently from each 
other for each pixel. 

[0022] Here, the ratio of the area of the reflection part 
overlapping the colored layer to the total area of the re- 
flective layer is preferably smaller than the ratio of the 
area of the aperture overlapping the colored layer to the 
total area of the aperture. Since the transmitted light 
passing through the optical aperture is transmitted 
through the colored layer only once while the reflected 
light is transmitted through the colored layer twice, the 
brightness of the reflected light is lower than that of the 
transmitted light in a normal condition, and the satura- 
tion of the transmitted light is lower than the saturation 
of the reflected light. By setting the reflection coloring 
ratio to be smaller than the transmission coloring ratio, 
the brightness of the reflected light can be increased, 
the saturation of the transmitted light can be relatively 
improved, and the difference in color between the re- 
flected light and the transmitted light can be reduced for 
each pixel. 

[0023] In addition, the colored layer is preferably dis- 
posed so as to completely cover the aperture. Since the 
colored layer is disposed to completely cover the optical 
aperture, the saturation of the transmitted light can be 
further increased. 

[0024] In addition, a pair of substrates holding the 
electro-optical substance layer are provided, and in 
some cases, the reflective layer and the colored layer 
are disposed on one of the pair of substrates, and in 
some cases, the reflective layer. is disposed on one of 
the pair of substrates, and the colored layer is disposed 
on the other of the pair of substrates. In each case, an 
optically similar effect can be obtained. 
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[0025] The colored layer is preferably disposed in an 
expanding manner over the reflection part around the 
aperture from the top of the aperture in each pixel. Since 
the colored layer can be disposed for each pixel so as 
to realize an integrated structure so that the colored lay- 
er is expanded over the reflective layer therearound 
from an area overlapping in the two-dimensional direc- 
tion on the aperture, the pattern of the colored layer 
need not be formed into very small pieces, and can be 
easily manufactured with high yield. 
[0026] Another electro-optical device of the present 
invention comprises a pair of display electrodes, an 
electro-optical substance layer disposed between the 
pair of display electrodes, a plurality of pixels disposed 
corresponding to an overlapping area in the two-dimen- 
sional direction of the pair of display electrodes, a color- 
ed layer disposed in each of the pixels, and a reflective 
layer disposed in each of the pixels, and having a reflec- 
tion part for reflecting the light passing through the elec- 
tro-optical substance layer and the colored layer and an 
aperture, and is characterized in that the colored layer 
is disposed on the aperture, and disposed on a part of 
the reflection part. 

[0027] In this, case, the area of the aperture corre- 
sponding to each of the plurality of pixels is substantially 
identical to each other, and the area of the colored layer 
corresponding to at least one of the plurality of pixels is 
preferably different from the area of the colored layer 
corresponding to the rest of the plurality of pixels. 
[0028] Still another electro-optical device of the 
present invention comprises an electro-optical sub- 
stance layer disposed on a plurality of pixels, a plurality 
of kinds of colored layers disposed on the pixels and 
having colors different from each other, and a reflective 
layer disposed on each of the pixels and having a re- 
flection part for reflecting the light passing through the 
electro-optical substance layer and the colored layer 
and an aperture, and is characterized in that the colored 
layer is disposed on the aperture and the reflection part, 
and at least one kind of the colored layers out of the 
plurality of kinds of colored layers is disposed only on a 
part of the reflection part. 

[0029] In the present invention, the area of the aper- 
ture of the reflective layer is preferably set to be identical 
between the pixels having the colored layer of different 
colors. Since the area of the aperture of the reflective 
layer is set to be identical between the pixels having the 
colored layer of different colors, the incident light quan- 
tity in the pixel of each color can be equal to each other, 
the color of the transmissive display can be adjusted in 
a relatively easy manner. In addition, the area of the re- 
flection part is set to be identical between the pixels hav- 
ing the colored layer of different colors, and when ad- 
justing the color of the reflective display, the area on the 
reflection part of the colored layer for each color can be 
easily adjusted. 

[0030] In the present invention, the coverage area ra- 
tio (equivalent to the above reflection coloring ratio) is 



preferably different from each other between the pixels 
having the colored layer of at least two different colors. 
Thus, the color of the reflective display can be optimized 
by adjusting the optical characteristic of the colored lay- 

5 er of each color so as to optimize the color of the trans- 
missive display realized by the transmitted light passing 
through the aperture, and adjusting the coverage area 
ratio of the colored layer of each color overlapping the 
reflection part. Thus, the color of the transmissive dis- 

10 play and the color of the reflective display can be adjust- 
ed independently from each other for each color. 
[0031] In the present invention, the colored layers of 
red, green and blue colors are provided, and the cover- 
age area ratio of the colored layer of green color is pref- 

1 5 erably smaller than the coverage area ratio of the color- 
ed layers of red and blue colors. The transmissive dis- 
play is constituted by the light transmitted through the 
colored layer only once in the area overlapping the ap- 
erture while the reflective display is mainly constituted 

20 by the light transmitted through the colored layer twice 
in the area overlapping the reflection part, and also in- 
fluenced by the reflected light by the colored layer in the 
area partially overlapping the aperture. Thus, generally, 
the saturation of the reflective display is higher than that 

25 of the transmissive display while the reflective display is 
easily darkened. Since the specific luminous efficacy 
has a peak at the wavelength range of yellowish green, 
the reflective display is darkened if the saturation of red 
and blue light is higher while the reflective display is less 

30 easily darkened even when the saturation of green light 
is higher. Thus, if the brightness is increased in the re- 
flective display, the saturation of red and blue colors is 
easily degraded in particular. Thus, in the red and blue 
pixels, the saturation is ensured by increasing the cov- 

35 erage area ratio (that means, by eliminating or reducing 
the area of the reflection part not overlapping the colored 
layer). In the green pixel, the quantity of the reflected 
light is ensured by degrading the coverage area ratio 
(that is, by increasing the area of the reflection part not 

to overlapping the colored layer), and then, the brightness 
can be increased considerably while ensuring the color 
reproducibility of the reflective display. 
[0032] In the present invention, the coverage area ra- 
tio of the colored layer of green color is preferably 

45 30-50%, and the coverage area ratio of the colored lay- 
ers of red and blue colors is preferably 60-100%. The 
color reproducibility and the brightness of the reflective 
display can be improved while ensuring the color repro- 
ducibility of the transmissive display by setting the cov- 

50 erage area ratio of green color and the coverage area 
ratio of red and blue colors in the above ranges. In par- 
ticular, the coverage area ratio of the colored layer of 
green color is most preferably 35-45 %, and the cover- 
age area ratio of the colored layers of red and blue colors 

55 is most preferably 85-1 00%. 

[0033] In the present invention, the reflection part is 
preferably disposed on the entire periphery of the aper- 
ture. Since the aperture is surrounded by the reflection 
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part in the reflective layer, any area not covered by the 
colored layer is prevented from being generated in the 
aperture even when a slight positional deviation is gen- 
erated between the colored layer and the reflective lay- 
er. In particular, the aperture is preferably formed sub- 
stantially in the center of the reflective layer. 
[0034] In the present invention, the aperture ratio pro- 
vided by the aperture with respect to the reflective layer 
is preferably 30-70%. Generally, if the aperture ratio of 
the reflective layer is increased, the transmissive display 
is brightened while the reflective display is darkened, 
and it is necessary to set the aperture ratio of the reflec- 
tive layer so as to take balance between the transmis- 
sive display and the reflective display. More specifically, 
if the aperture ratio is too small, the illuminance of the 
backlight must be higher, and the power consumption 
of the backlight is increased. On the other hand, if the 
aperture ratio is too large, the reflective display is dark- 
ened, and less easily recognized visually. In the present 
embodiment, the brightness of the reflective display can 
be realized by providing an area not overlapping the 
colored layer on a part of the reflection part, and the 
transmissive display and the reflective display can be 
balanced in the range of the large aperture ratio com- 
pared with the case of employing a structure with the 
colored layer overlapping the entire reflective layer, and 
excellent color quality can be realized in both the trans- 
missive display and the reflective display. When the ap- 
erture ratio is below the above range, the power con- 
sumption is increased so as to ensure the brightness of 
the transmissive display, the present embodiment is 
less easily employed in a portable electronic apparatus 
such as a cellular phone. If the aperture ratio is above 
the range, the brightness and the saturation in the re- 
flective display are less easily consistent, and the color 
quality in the reflective display is less easily ensured. 
[0035] The electronic apparatus of the present inven- 
tion comprises any one of the above electro-optical de- 
vice and a control means for controlling the electro-op- 
tical device. In particular, the electronic apparatus of the 
present invention comprises one having a liquid crystal 
display device capable of color display for the electro- 
optical device, for example, a cellular phone, a portable 
information terminal, and an image pick-up apparatus 
having the liquid crystal display function. If the electro- 
optical device is used for a display unit of the electronic 
apparatus, difference in color between the reflective dis- 
play and the transmissive display can be reduced, and 
high display quality can be realized thereby. 
[0036] The reflective display and the transmissive dis- 
play each have a coloring mode suitable therefor. There 
are no problems if separate color filters can be provided. 
However, in reality, both displays must be realized by a 
common color filter. In the present invention, the color- 
ing mode of the reflective display and the coloring mode 
of the transmissive display can be set separately even 
when the colored layer is common by changing the re- 
flection coloring ratio relative and the transmission 



coloring ratio to each other as described above. 
[0037] Next, the color filter substrate of the present 
invention comprises. a substrate, a reflective layer dis- 
posed on the substrate and having a reflection part for 
5 reflecting the light and an aperture, and a colored layer 
disposed on the substrate, and is characterized in that 
the colored layer is disposed on the aperture, and dis- 
posed only on a part of the reflection part. 
[0038] According to the present invention, the colored 
10 layer is disposed on the aperture, and disposed only on 
a part of the reflection part, and thus, the brightness of 
the reflected light can be adjusted according to the over- 
lapping ratio of the colored layer on the reflective layer. 
Such adjustment is non-related to the overlapping con- 
15 dition between the colored layer and the optical aper- 
ture, and any influence on the color of the transmitted 
light can be prevented. Thus, the influence of the color- 
ed layer on the reflected light and the influence of the 
colored layer on the transmitted light can be set inde- 
20 pendently from each other. 

[0039] Here, the ratio of the area of the reflection part 
with the colored layer disposed thereon to the total area 
of the reflection part is preferably smaller than the ratio 
of the area of the aperture with the colored layer dis- 
25 posed thereon to the total area of the aperture. Since 
the transmitted light passing through the optical aper- 
ture is transmitted through the colored layer only once 
while the reflected light is transmitted through the color- 
ed layer twice, the brightness of the reflected light is low- 
30 er than that of the transmitted light in a normal condition, 
and the saturation of the transmitted light is lower than 
the saturation of the reflected light. By setting the reflec- 
tion coloring ratio to be smaller than the transmission 
coloring ratio, the brightness of the reflected light can 
35 be increased, the saturation of the transmitted light can 
be relatively improved, and the difference in color be- 
tween the reflected light and the transmitted light can be 
reduced for each pixel. 

[0040] The colored layer is preferably disposed so as 
^o to completely cover the optical aperture. Since the color- 
ed layer is disposed so as to completely cover the optical 
aperture, the saturation of the transmitted light can be 
further improved. 

[0041] The colored layer is preferably disposed in an 
45 expanding manner over the reflection part around the 
aperture from the top of the aperture. Since the colored 
layer is disposed in an expanding manner from the ap- 
erture over the reflection part therearound, the colored 
layer can be integrally formed. Thus, the pattern of the 
so colored layer need not be formed into very small pieces, 
and can be easily manufactured with high yield. 
[0042] Another color filter substrate of the present in- 
vention comprises a substrate with pixels set thereto, a 
colored layer disposed on the substrate according to the 
55 pixels, a reflective layer disposed on the substrate ac- 
cording to the pixels and having a reflection part for re- 
flecting the light and an aperture, and is characterized 
in that the colored layer is disposed on the aperture, and 
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disposed only on a part of the reflection part. 
[0043] According to the present invention, the colored 
layer is disposed on the aperture, and disposed only on 
a part of the reflection part, and thus, the brightness of 
the reflected light can be adjusted for each pixel accord- 5 
ing to the overlapping ratio of the colored layer on the 
reflective layer. Such adjustment is non-related to the 
overlapping condition between the colored layer and the 
optical aperture, and any influence on the color of the 
transmitted light can be prevented. Thus, the influence 10 
of the colored layer on the reflected light and the influ- 
ence of the colored layer on the transmitted light can be 
set independently from each other. 
[0044] Here, the ratio of the area of the reflection part 
with the colored layer disposed thereon to the total area * 5 
of the reflection part is preferably smaller than the ratio 
of the area of the aperture with the colored layer dis- 
posed thereon to the total area of the aperture. Since 
the transmitted light passing through the optical aper- 
ture is transmitted through the colored layer only once 20 
while the reflected light is transmitted through the color- 
ed layer twice, the brightness of the reflected light is low- 
er than that of the transmitted light in a normal condition, 
and the saturation of the transmitted light is lower than 
the saturation of the reflected light. By setting the reflec- 25 
tion coloring ratio to be smaller than the transmission 
coloring ratio, the brightness of the reflected light can 
be increased, the saturation of the transmitted light can 
be relatively improved, and the difference in color be- 
tween the reflected light and the transmitted light can be 30 
reduced for each pixel. 

[0045] The colored layer is preferably disposed so as 
to completely cover the optical aperture. Since the color- 
ed layer is disposed so as to completely cover the optical 
aperture, the saturation of the transmitted light can be 35 
further improved. 

[0046] The colored layer is preferably disposed in an 
expanding manner over the reflection part around the 
aperture from the top of the aperture. Since the colored 
layer is disposed in an expanding manner from the ap- 40 
erture over the reflection part therearound, the colored 
layer can "be integrally formed. Thus, the pattern of the 
colored layer need not be formed into very small pieces, 
and can be easily manufactured with high yield. 
[0047] Another color filter substrate of the present in- 45 
vention comprises a substrate with pixels set thereto, a 
plurality of kinds of colored layers disposed on the sub- 
strate according to the pixels and having colors different 
from each other, a reflective layer disposed on the sub- 
strate according to the pixels and having a reflection part so 
for reflecting the light and an aperture, and is character- 
ized in that the colored layer is disposed on the aperture 
and the reflection part, and at least one kind of the plu- 
rality of kinds of colored layers is disposed only on a part 
of the reflection part. 55 
[0048] In the present invention, the area of the aper- 
ture of the reflective layer is preferably set to be identical 
between the pixels having the colored layer of different 



10 

colors. Since the area of the aperture of the reflective 
layer is set to be identical between the pixels having the 
colored layer of different colors, the incident light quan- 
tity in the pixel of each color can be equal to each other, 
the color of the transmissive display can be adjusted in 
a relatively easy manner. In addition, the area of the re- 
flection part is set to be identical between the pixels hav- 
ing the colored layers of different colors, and when ad- 
justing the color of the reflective display, the area on the 
reflection part of the colored layer for each color can be 
easily adjusted. 

[0049] The coverage area ratio on the reflection part 
of the colored layer is preferably different from each oth- 
er between the pixels having the colored layer of at least 
two different colors. Thus, the color of the reflective dis- 
play can be optimized by adjusting the optical charac- 
teristic of the colored layer of each color so as to opti- 
mize the color of the transmissive display realized by 
the transmitted light passing through the aperture, and 
adjusting the coverage area ratio of the colored layer of 
each color overlapping the reflection part. Thus, the 
color of the transmissive display and the color of the re- 
flective display can be adjusted independently from 
each other for each color. 

[0050] In the present invention, the colored layers of 
red, green and blue colors are provided, and the cover- 
age area ratio of the colored layer of green color is pref- 
erably smaller than the coverage area ratio of the color- 
ed layers of red and blue colors. The transmissive dis- 
play is constituted by the light transmitted through the 
colored layer only once in the area overlapping the ap- 
erture while the reflective display is mainly constituted 
by the light transmitted through the colored layer twice 
in the area overlapping the reflection part, and also in- 
fluenced by the reflected light by the colored layer in the 
area partially overlapping the aperture. Thus, generally, 
the saturation of the reflective display is higher than that 
of the transmissive display while the reflective display is 
easily darkened. Since the specific luminous efficacy 
has a peak at the wavelength range of yellowish green, 
the reflective display is darkened if the saturation of red 
and blue light is higher while the reflective display is less 
easily darkened even when the saturation of green light 
is higher. Thus, if the brightness is increased in the re- 
flective display, the saturation of red and blue colors is 
easily degraded in particular. Thus, in the red and blue 
pixels, the saturation is ensured by increasing the cov- 
erage area ratio (that means, by eliminating or reducing 
the area of the reflection part not overlapping the colored 
layer). In the green pixel, the quantity of the reflected 
light is ensured by degrading the coverage area ratio 
(that is, by increasing the area of the reflection part not 
overlapping the colored layer), and then, the brightness 
can be increased considerably while ensuring the color 
reproducibility of the reflective display. 
[0051] In addition, the coverage area ratio of the color- 
ed layer of green color is preferably 30-50%, and the 
coverage area ratio of the colored layers of red and blue 
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colors is preferably 60-100%. The color reproducibility 
and the brightness of the reflective display can be im- 
proved while ensuring the color reproducibility of the 
transmissive display by setting the coverage area ratio 
of green color and the coverage area ratio of red and 5 
blue colors in the above ranges. In particular, the cov- 
erage area ratio of the colored layer of green color is 
most preferably 35-45%, and the coverage area ratio of 
the colored layers of red and blue colors is most prefer- 
ably 85-100%. io 
[0052] In addition, the reflection part is preferably dis- 
posed on the entire periphery of the aperture. Since the 
aperture is surrounded by the reflection part in the re- 
flective layer, any area not covered by the colored layer 
is prevented from being generated in the aperture even 15 
when a slight positional deviation is generated between 
the colored layer and the reflective layer. In particular, 
the aperture is preferably formed substantially in the 
center of the reflective layer. 

[0053] In addition, the aperture ratio by the aperture 20 
with respect to the reflective layer is preferably 30-70%. 
Generally, if the aperture ratio of the reflective layer is 
increased, the transmissive display is brightened while 
the reflective display is darkened, and it is necessary to 
set the aperture ratio of the reflective layer so that the 25 
transmissive display and the reflective display are bal- 
anced. More specifically, if the aperture ratio is too small, 
the illuminance of the backlight must be higher, and the 
power consumption of the backlight is increased. On the 
other hand, if the aperture ratio is too large, the reflective 30 
display is darkened, and less easily recognized visually. 
In the present embodiment, the brightness of the reflec- 
tive display can be ensured by providing an area not 
overlapping the colored layer on a part of the reflection 
part, and the transmissive display and the reflective dis- 35 
play can be balanced in the range of the large aperture 
ratio compared with the case of employing a structure 
with the colored layer overlapping the entire reflective 
layer, and excellent color quality can be realized in both 
the transmissive display and the reflective display. *o 
When the aperture ratio is below the above range, the 
power consumption is increased so as to ensure the 
brightness of the transmissive display, the present em- 
bodiment is less easily employed in a portable electronic 
apparatus such as a cellular phone. If the aperture ratio 
is above the range, the brightness and the saturation in 
the reflective display are less easily consistent, and the 
color quality in the reflective display is less easily en- 
sured. 

[0054] Embodiments of the present invention will now so 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a schematic perspective view of a liquid 
crystal display panel showing appearance of an liq- 55 
uid crystal display panel 200 in a first embodiment 
of an electro-optical device according to the present 
invention. 



Fig. 2(a) is a schematic sectional view schematical- 
ly showing a sectional structure of a first embodi- 
ment, and Fig. 2(b) is a schematic expanded plan 
view of a color filter substrate. 
Fig. 3(a) is a schematic sectional view schematical- 
ly showing a sectional structure of a liquid crystal 
display panel 300 of a second embodiment of an 
electro-optical device according to the present in- 
vention, and Fig. 3(b) is a schematic expanded plan 
view of a color filter substrate. 
Fig. 4(a) is a schematic sectional view schematical- 
ly showing a sectional structure of a liquid crystal 
display panel 400 of a third embodiment of an elec- 
tro-optical device according to the present inven- 
tion, and Fig. 4(b) is a schematic expanded plan 
view of a color filter substrate. 
Figs. 5(a) to 5(d) are diagrammatic illustrations 
schematically showing an overlapping condition of 
a reflective layer and a colored layer according to 
other Configurations 1 to 4. 
Figs. 6(a) to 6(c) are diagrammatic illustrations 
schematically showing an overlapping condition of 
a reflective layer and a colored layer according to 
other Configurations 5 to 7, and Fig. 7(d) is a sche- 
matic sectional view of Configuration 7. 
Fig. 7 is a diagrammatic illustration schematically 
showing the configuration of Configuration 8 ac- 
cording to the present invention. 
Fig. 8 is a diagrammatic illustration schematically 
showing the configuration of Configuration 9 ac- 
cording to the present invention. 
Fig. 9 is a diagrammatic illustration schematically 
showing the configuration of Configuration 10 ac- 
cording to the present invention. 
Fig. 10 is a diagrammatic illustration schematically 
showing the configuration of Configuration 11 ac- 
cording to the present invention. 
Fig. 11 is a diagrammatic illustration schematically 
showing the configuration of Configuration 12 ac- 
cording to the present invention. 
Fig. 12 is a diagrammatic illustration schematically 
showing the configuration of Configuration 13 ac- 
cording to the present invention. 
Fig. 13 is a diagrammatic illustration schematically 
showing the configuration of Configuration 14 ac- 
cording to the present invention. 
Fig. 14 is a diagrammatic illustration schematically 
showing the configuration of Configuration 15 ac- 
cording to the present invention. 
Fig. 15 is an xy chromaticity diagram showing com- 
parison of color data in examples of comparison of 
a colored layer with a six-stage process of Config- 
urations 8 to 1 1 . 

Fig. 16 is a chromaticity diagram of 1931 CIExyz 

standard colorimetric system. 1 

Fig. 17 is a graph (a) and a graph (b) indicating 

spectral transmittance of a colored layer. 

Fig. 18 is a schematic block diagram showing the 
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block configuration of an embodiment of an elec- 
tronic apparatus according to the present invention. 
Fig. 1 9 is a schematic perspective view showing ap- 
pearance of an embodiment of the electronic appa- 
ratus. 

Fig. 20 is a schematic sectional view schematically 
showing a structure of a conventional transflective 
display type liquid crystal display panel. 

[0055] Description will be given below in detail on em- 
bodiments of an electro-optical device, a color filter sub- 
strate and an electronic apparatus in accordance with 
the present invention with reference to the attached 
drawings. 

[0056] Fig. 1 is a schematic perspective view showing 
the appearance of a liquid crystal display panel 200 con- 
stituting an electro-optical device according to a first em- 
bodiment of the present invention, Fig. 2(a) is a sche- 
matic sectional view of the liquid crystal display panel 
200, and Fig. 2(b) is a partially enlarged plan view of a 
color filter 21 0 constituting the liquid crystal display pan- 
el 200. 

[0057] This electro-optical device has an illumination 
device such as a backlight and a front light (not shown) 
and which may comprise external light, a casing, etc. as 
necessary on the liquid crystal display panel 200 having 
a so-called transflective passive matrix structure. 
[0058] As shown in Fig. 1, the liquid crystal display 
panel 200 has a cell structure in which a color filter sub- 
strate 210 basically consisting of a transparent first sub- 
strate 211 formed of a glass plate or a synthetic resin 
plate, and a facing substrate 220 basically comprising 
a similar second substrate 221 facing thereto are affixed 
to each other via sealing members 230, and sealed with 
sealant 231 after liquid crystal 232 is poured from an 
inlet 230a inside the sealing members 230. 
[0059] A plurality of parallel striped transparent elec- 
trodes 216 are formed on an inner surface of the first 
substrate 211 (a surface facing the second substrate 
221), and a plurality of parallel striped transparent elec- 
trodes 222 are formed on an inner surface of the second 
substrate 221 . The transparent electrode 21 6 is electri- 
cally connected to a wire 21 8A, and the transparent 
electrode 222 is electrically connected to a wire 228. 
The transparent electrode 216 and the transparent elec- 
trode 222 are orthogonal to each other, and an intersect- 
ed area thereby constitutes a large number of pixels ar- 
rayed in a matrix, and these pixel arrays constitute a liq- 
uid crystal display area A. 

[0060] The first substrate 21 1 has a substrate expan- 
sion part 21 0T which is expanded outward of the contour 
of the second substrate 221 , and the wire 218A, a wire 
21 8B electrically connected to the wire 228 via upper 
and lower conductive parts constituted by a part of the 
sealing members 230, and an input terminal unit 219 
comprising a plurality of independent wiring patterns are 
formed on this substrate expansion part 210T. A semi- 
conductor IC 261 with a liquid crystal drive circuit, etc. 



built therein is mounted on the substrate expansion part 
210T so as to be electrically connected to the wires 
218Aand 218B, and the input terminal unit 219. A flex- 
ible circuit board 263 is mounted on an end of the sub- 
5 strate expansion part 21 0T so as to be electrically con- 
nected to the input terminal unit 219. 
[0061] In this liquid crystal display panel 200, a retar- 
dation film (a quarter wavelength plate) 240 and a po- 
larizer 241 are disposed on an outer surface of the first 
substrate 211 as shown in Fig. 2, and a retardation film 
(a quarter wavelength plate) 250 and a polarizer 251 are 
disposed on an outer surface of the second substrate 
221. 

[0062] Next, description will be made on the structure 
of the color filter substrate 21 0 with reference to Figs. 2 
(a) and 2(b). A reflective layer 212 is formed on the sur- 
face of the first substrate 211, and an aperture 212a is 
formed for each pixel. A part other than the aperture 
212a forms a reflection part 212b for substantially re- 
flecting the light. In the present embodiment, the reflec- 
tive layer 212 having the aperture 212a and the reflec- 
tion part 212b is formed in each pixel. Alternatively, the 
reflective layer 21 2 is formed over the entire liquid crys- 
tal display area A, and only the aperture 212a may be 
formed in each pixel. 

[0063] A colored layer 21 4 is formed on the reflective 
layer 2 12, and covered by a surface protection layer (an 
overcoat layer) 215 formed of transparent resin, etc. A 
color filter comprises this colored layer 214 and the sur- 
face protection layer 215. 

[0064] Generally, the colored layer 214 presents a 
predetermined color by diffusing coloring agents such 
as pigment and dye in transparent resin. One example 
of the tone of the colored layer includes combination of 
three colors of R (Red), G (Green) and B (Blue) for a 
filter of primary color system, but not limited thereto, and 
the tone of the colored layer can be formed by a filter of 
a complementary color system, and other various tones. 
Usually, a colored layer having a predetermined color 
pattern is formed by applying a coloring resist consisting 
of a photosensitive resin containing a coloring agent 
such as pigment and dye to a substrate surface, and 
removing unnecessary portions by a photolithography 
method. The above steps are repeated if a colored layer 
of a plurality of tones is formed. 
[0065] A stripe array is employed in an example 
shown in Fig. 2(b) for an array pattern of the colored 
layer, and in addition to this stripe array, various kinds 
of pattern shapes such as a delta array, and a diagonal 
mosaic array can be employed. In addition, a shielding 
film (a black matrix or a black mask) for shielding the 
light from an area between pixels can be formed for a 
part of the colored layer around each colored layer of 
RGB described above. 

[0066] A transparent electrode 216 consisting of a 
transparent conductor such as ITO (Indium Tin Oxide) 
is formed on a surface protection layer 215. The trans- 
parent electrode 216 is formed in a stripe extending in 
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the vertical direction in Fig. 2(b), and a plurality of trans- 
parent electrodes 216 are arrayed parallel to each other 
in a stripe. An alignment layer 217 consisting of polyim- 
ide resin, etc. is formed on the transparent electrode 
216. 5 
[0067] In the present embodiment, as shown in Fig. 2 
(b), the colored layers 214 constituting the color filter 
overlap in a two-dimensional direction so as to com- 
pletely cover the aperture 212a in the reflective layer 
212 in each pixel, and are integrally formed so as to be 10 
expanded over the reflection part 212b around the ap- 
erture 212a from an overlapping area on the aperture 
212a in a two-dimensional direction toward the periph- 
ery thereof. 

[0068] The colored layer 214 is not formed entirely *5 
over each pixel, but formed so as to overlap a part of 
the reflective layer 212. This means that the reflective 
layer 2 1 2 includes an area overlapping the colored layer 
214 in a two-dimensional direction (an inner peripheral 
area facing the aperture 21 2a in the figure) and an area 20 
not overlapping the colored layer 214 (an outer periph- 
eral area in the figure). 

[0069] On the other hand, in the above liquid crystal 
display panel 200, a facing substrate 220 facing the 
color filter substrate 210 formed by successively lami- 25 
nating a transparent electrode 222 similar to that de- 
scribed above, a hard protective film 223 formed of Si0 2 
and Ti0 2 , and the alignment layer 224 similar to that de- 
scribed above on the second substrate 221 formed of 
glass, etc. 30 
[0070] In the present embodiment described above, 
a part of the external light incident on the reflection part 
212b from the facing substrate 220 side is transmitted 
through the colored layer 214, and reflected by the re- 
flection part 212b, and a part thereof is not transmitted 35 
through the colored layer 21 4 but reflected by the reflec- 
tion part 21 2b, and again, transmitted through the facing 
substrate 220 and emitted therefrom. The external light 
transmitted through the colored layer 214 is transmitted 
through the colored layer 214 two times while the exter- «o 
nal light not transmitted through the colored layer 214 is 
emitted therefrom without being transmitted through the 
colored layer 214. Thus, the brightness of the reflective 
display can be improved in comparison with the bright- 
ness when the colored layer 214 entirely covers the re- ^5 
flective layer 212 in the pixel. 

[0071] On the other hand, the colored layer 214 en- 
tirely covers the aperture 212a of the reflective layer 
212, and if a backlight, etc. is disposed on a back side 
thereof, for example, color filter substrate 210, and the 50 
back side thereof is irradiated with the illumination light, 
a part of the illumination light is transmitted through the 
aperture 212a and the colored layer 214, and transmit- 
ted through the liquid crystal 232 and the facing sub- 
strate 220, and emitted therefrom. Thus, the transmitted 55 
light is transmitted through the colored layer 214 only 
once, and the transmissive display type color according 
to the color concentration of the colored layer 214 (the 
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degree of deviation of the spectral distribution of the vis- 
ible light area through which the light is transmitted) can 
be obtained. The saturation of the reflected light is de- 
graded because the reflected light component not trans- 
mitted through the colored layer is included as described 
above, and the transmissive display type saturation is 
relatively increased. 

[0072] In the present embodiment, the color, in partic- 
ular, brightness of the reflective display can be ensured 
by forming the optical characteristic of the colored layer 
214 so as to be ready for the transmissive display, and 
adjusting the reflection area of the reflection part 212b 
overlapping the colored layer 214 in a two-dimensional 
direction. Therefore, the transmissive display type sat- 
uration can be increased while ensuring the brightness 
of the reflective display. In addition, difference in color 
(in particular, saturation and brightness) between the re- 
flective display and the transmissive display can be re- 
duced. 

[0073] The above effect is particularly suitable when 
the colored layer is formed in a substantially uniform 
color concentration over the whole area (for example, 
in a case in which the concentration of the coloring agent 
such as pigment and dye is substantially uniform) and 
the colored layer is formed in a substantially uniform 
thickness over the whole area similar to the regular man- 
ufacturing step of the colored layer. In this case, the op- 
tical characteristic of the area overlapping the aperture 
212a in the colored layer 214 in a two-dimensional di- 
rection is substantially agreed with that area overlapping 
the reflection part 212b in the colored layer 214 in a two- 
dimensional direction, and a large difference in satura- 
tion and brightness is generated between the color of 
the reflective display and the color of the transmissive 
display, resulting in the considerable effect of the 
present invention. 

[0074] The reflective display and the transmissive dis- 
play have the coloring mode of the respectively suitable 
color, and a separate color filter may be disposed re- 
spectively. However, in an actual manufacture, a com- 
mon color filter capable of realizing both displays is pref- 
erable. In the present embodiment, by changing the re- 
flection coloring ratio and the transmission coloring ratio 
from each other as described above, the coloring mode 
of the reflective display and the coloring mode of the 
transmissive display can be set separately even if the 
colored layer is common. 

[0075] Next, description will be made on a second em- 
bodiment of the present invention with reference to Figs. 
3(a) and 3(b). The liquid crystal display panel 300 of the 
present embodiment comprises a first substrate 311, a 
second substrate 321, a colored layer 314, a surface 
protection layer 315, a transparent electrode 316, an 
alignment layer 317, a transparent electrode 322, a hard 
protection film 323, an alignment layer 324, a sealing 
member 330, a liquid crystal 332, retardation films 340 
and 350, and polarizers 341 and 351 similarly to the first 
embodiment described above, and description of these 
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components is omitted. 
[0076] In the liquid crystal display panel 300 of the 
present embodiment, the reflective layer 312 is integral- 
ly formed in a substantially overall manner in the liquid 
crystal display area, and an aperture 312a is disposed 
for each pixel. A part other than the aperture 312a out 
of the reflective layer 312 forms a reflection part 312b 
for substantially reflecting the light. A black shielding film 
314BM consisting of black resin, etc. is formed in an ar- 
ea between pixels. The black resin includes transparent 
resin with coloring agent such as black pigment and dye 
diffused therein, or transparent resin with coloring agent 
of three colors of R (Red), G (Green) and B (Blue) mixed 
with each other and diffused in the transparent resin. 
[0077] In the present embodiment, the reflective layer 
312 is integrally formed over a plurality of pixels. How- 
ever, the reflective layer may be formed for each pixel 
as described in the first embodiment, and the black 
shielding film may be formed between the reflective lay- 
ers. 

[0078] Next, description will be made on a third em- 
bodiment in accordance with the present invention with 
reference to Figs. 4(a) and 4(b). A liquid crystal display 
panel 400 of the present embodiment comprises a first 
substrate 41 1 , a second substrate 421 , a reflective layer 
412 having an aperture 412a and a reflection part 412b, 
a transparent electrode 416, an alignment layer 417, a 
transparent electrode 422, an alignment layer 423, seal- 
ing members 430, a liquid crystal 432, retardation films 
440 and 450, and polarizer 441 and 451, and the de- 
scription on these components will be omitted. 
[0079] In the present embodiment, as shown in Fig. 4 
(a), a color filter is formed not on a first substrate 421 
with a reflective layer 41 2 formed thereon, but on a sec- 
ond substrate 421 . More specifically, a color filter 424 is 
formed on the second substrate 421 for each pixel, and 
a black shielding film 424BM similar to that in the second 
embodiment is formed in the area between pixels. A 
transparent surface protection layer 425 is formed on 
the colored layer 424 and the black shielding film 
424BM. 

[0080] A transparent electrode 422 is formed on the 
surface protection layer 425, and the alignment layer 
423 is formed on the transparent electrode 422. 
[0081] As shown in Fig. 4(b), the colored layer 424 
(shown by a one-dot line in the figure) of the color filter 
substrate 420 overlaps the aperture 412a of the reflec- 
tive Iayer41 2 in a two-dimensional direction with respect 
to the reflection substrate 410 with the reflective layer 
412 formed thereon so as to completely cover the aper- 
ture 412a. The colored layer 424 integrally formed so as 
to be expanded to an area overlapping the reflection part 
412b of the reflective layer 41 2 from an area overlapping 
the aperture 412a in a two-dimensional direction. This 
means that the reflective layer 41 2 has an area overlap- 
ping the colored layer 424 in a two-dimensional direction 
(an inner peripheral area in the figure), and an area not 
overlapping the colored layer 424 in a two-dimensional 
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direction (an outer peripheral area in the figure). 
[0082] As shown in the present embodiment, even 
when the reflective layer 41 2 and the colored layer 424 
are formed on different substrates, similar operational 
5 effect to that of the first embodiment and the second em- 
bodiment can be achieved if the reflective layer 412 
overlaps the colored layer 424 in a two-dimensional di- 
rection as described above. 

[0083] Next, description will be made on other config- 
10 urations applicable of each embodiment described 
above with reference to Figs. 5(a) to 5(d) and Figs. 6(a) 
to 6(d). In each configuration described below, only the 
two-dimensional positional relationship between the re- 
flective layer and the colored layer is shown and de- 
15 scribed. 

[0084] In Configuration 1 shown in Fig. 5(a), a colored 
layer 51 4r presenting the hue of R (Red), a colored layer 
51 4g presenting the hue of G (Green), and a colored 
layer 514b presenting the hue of B (Blue) are formed on 

20 a reflective layer 512 in an overlapping manner with re- 
spective apertures 512a in the two-dimensional direc- 
tion in each pixel. In this configuration, the colored layers 
51 4r, 51 4g and 514b in each pixel completely covers the 
respective aperture 512a similar to each embodiment 

25 described above, and integrally formed in an expanding 
manner from an area overlapping the aperture 512a in 
a two-dimensional direction to an area overlapping a pe- 
ripheral reflective surface in a two-dimensional direc- 
tion. 

30 [0085] In Configuration 2 shown in Fig. 5(b), a colored 
layer 61 4r presenting the hue of R (Red), a colored layer 
614g presenting the hue of G (Green), and a colored 
layer 614b presenting the hue of B (Blue) are formed on 
a reflective layer 612 in an overlapping manner with re- 

35 spective apertures 612a in the two-dimensional direc- 
tion in each pixel. In this configuration, the colored layers 
614r, 614g and 614b do not completely cover the re- 
spective aperture 612a, and there exists an area which 
does not overlap the colored layer in a two-dimensional 

40 direction in a part of each aperture 612a. 

[0086] In this Configuration 2, in order to reduce dif- 
ference in color between the reflective display and the 
transmissive display, the reflection coloring ratio (the ar- 
ea ratio of an area overlapping the colored layer in a 

15 two-dimensional direction to the total reflection area of 
the reflective layer 612) is set to be smaller than the 
transmission coloring ratio (the area ratio of an area 
overlapping the colored layer in a two-dimensional di- 
rection to the total area of the aperture 612a). As a re- 

50 suit, the brightness of the reflective display is improved, 
and the saturation of the transmissive display is relative- 
ly increased. 

[0087] In Configuration 3 shown in Fig. 5(c), a plurality 
of colored layers 714r, 71 5r and 71 6r presenting the hue 
55 of R (Red), a plurality of colored layers 71 4g, 71 5g and 
71 6g presenting the hue of G (Green), and a plurality of 
colored layers 714b, 715b and 716b presenting the hue 
of B (Blue) are formed on a reflective layer 712 having 
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an aperture 712a in an overlapping manner in the two- 
dimensional direction in each pixel. 
[0088] In this configuration, the colored layers 71 4r, 
71 4g and 714b overlap the aperture 712a in the two- 
dimensional direction, and the colored layers 715r, 5 
715g, 715b, 716r, 716g and 716b overlap only the re- 
flection surface of the reflective layer 712 in the two-di- 
mensional direction. A plurality of colored layers may 
thus be constituted in an overlapping manner in the two- 
dimensional direction in each pixel. io 
[0089] In Configuration 4 shown in Fig. 5(d), a colored 
layer 81 4r presenting the hue of R (Red), a colored layer 
81 4g presenting the hue of G (Green), and a colored 
layer 814b presenting the hue of B (Blue) are formed on 
a reflective layer 81 2 in an overlapping manner with re- *5 
spective apertures 812a in the two-dimensional direc- 
tion. In this configuration, the colored layers 81 4r, 81 4g 
and 814b are constituted so as to have an area different 
from each other, and as a result, the reflection coloring 
ratio (the area ratio of an area overlapping the colored 20 
layer in a two-dimensional direction to the total reflection 
area in each pixel) is different from each other according 
to the hue R (Red), G (Green) and B (Blue) of the colored 
layer. More generally, the ratio of the above reflection 
coloring ratio to the transmission coloring ratio (the area 25 
ratio of an area of the aperture overlapping the colored 
layer in a two-dimensional direction to the total area of 
the aperture in each pixel) is different for each color. 
[0090] According to Configuration 4, not only the color 
of the reflective display and the transmissive display can 30 
be set separately as described in the above embodi- 
ments and configurations, but also appropriate color can 
be obtained according to the material of the colored lay- 
er of each color by setting the above reflection coloring 
ratio (or the ratio of the reflection coloring ratio to the 35 
transmission coloring ratio) separately by the color. 
[0091] In Configuration 5 shown in Fig. 6(a), a plurality 
of apertures 912a (two apertures shown in the figure) 
are made in a reflective layer 91 2. A part other than the 
apertures 912a out of the reflective layer 912 forms a *o 
reflection part 912b substantially reflecting the light. 
Colored layers 91 4r, 91 4g and 914b overlapping this re- 
flective layer 91 2 in the two-dimensional direction cover 
the plurality of apertures 912a, and overlap only a part 
of the reflection part 91 2b in the two-dimensional direc- 45 
tion. 

[0092] In Configuration 6 shown in Fig. 6(b), a plurality 
of colored layers 1014r, 1014g, 1014b, 1015r, 1015g, 
1 01 5b, 1 01 6r, 1 01 6g, and 1 01 6b (three shown in the fig- 
ure) overlapping a reflective layer 1012 having an aper- 50 
ture 1 01 2a and a reflection part 1 01 2b in the two-dimen- 
sional direction are provided. The colored layers 1014r, 
1014gand 1014b overlap the aperture 1012b in the two- 
dimensional direction, and the colored layers 1015r, 
1015g, 1015b, 1016r, 1016g and 1016b overlap only a 55 
part of the reflection part. The colored layers 1014r, 
1014gand 1014b are constituted so as to have the color 
concentration higher than that of the colored layers 
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1015r, 1015g, 1015b, 1016r, 1016g and 1016b, in other 
words, so as to contain coloring agent such as pigment 
and dye of higher concentration. 
[0093] In Configuration 6, the light concentration of 
the colored layers 1014r, 1014g and 1014b overlapping 
the aperture 1012a in the two-dimensional direction is 
high, and the light concentration of the colored layers 
1015r, 1015g t 1015b, 1016r, 1016g and 1016b overlap- 
ping only a part of the reflection part 1012b in the two- 
dimensional direction is low. Thus, in comparison with 
the above embodiments, the saturation of the transmit- 
ted light is relatively higher, and the brightness of the 
reflected light is further increased. 
[0094] As described above, configuration in which the 
light concentration of the colored layer is partially differ- 
ent is not excluded in the present invention. In particular, 
for the colored layer, it is preferable to set the light con- 
centration of the area overlapping an optical aperture of 
the reflective layer in the two-dimensional direction to 
be high and to set the light concentration of the area 
overlapping other parts of the reflective layer in the two- 
dimensional direction to be low. 
[0095] In Configuration 7 shown in Fig. 6(c), a plurality 
of colored layers 1114r, 1114g, 1114b, 1115r, 1115g, 
1 1 1 5b, 1 1 1 6r, 1 1 1 6g, and 1 1 1 6b (two shown in the figure) 
overlapping a reflective layer 1112 having an aperture 
1 1 1 2a and a reflection part 1 1 1 2b in the two-dimensional 
direction are provided. The colored layers 1114r, 111 4g 
and 1114b and the colored layers 1115r, 1115g, 1115b 
are laminated on each other, or overlap each other in 
the two-dimensional direction. Fig. 6(d) is a sectional 
view showing a case in which the reflective layer 1112, 
the colored layers 1114r, 1114g, 1114b, and the colored 
layers 1115r, 111 5g and 1115b are laminated on each 
other, as in Configuration 7. 

[0096] In Configuration 7, in an area in which the 
colored layers 1114r, 1114g, 1114b overlap the colored 
layers 1115r, 1115g and 1115b in the two-dimensional 
direction, i.e., in an area in which these colored layers 
overlap the aperture 1 1 1 2a, the thickness of the colored 
layer is substantially large, while the thickness of the 
colored layers is substantially small in an area in which 
the colored layers 11 1 4r, 1114g, 1114b are formed, but 
do not overlap the colored layers 1115r, 1 11 5g and 
1115b, i.e., in an area the colored layers overlap the re- 
flection part 1112b in the two-dimensional direction. 
Thus, the saturation of the transmitted light is further im- 
proved by the relatively thick colored layers, and the 
brightness of the reflected light is further improved by 
the partially formed relatively thin colored layers. 
[0097] As described above, a configuration in which 
the colored layer is formed with a thickness which is par- 
tially changed is not excluded in the present invention. 
In particular, for the colored layer, it is preferable to set 
the thickness to be substantially large in the area in 
which the reflective layer overlaps the optical aperture 
in the two-dimensional direction, and substantially small 
in the area overlapping other reflective layer in the two- 
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dimensional direction. 

[0098] In order to improve the above effect, the color 
concentration of the colored layers 111 5r, 1115g and 
11 1 5b overlapping the aperture 1 1 1 2a in the two-dimen- 
sional direction may be set to be higher, and the color 5 
concentration of the colored layers 1114r, 1114g and 
1114b expanding to an area overlapping a part of the 
reflection surface in the two-dimensional direction from 
an area overlapping the aperture 1012a in the two-di- 
mensional direction may be set to be lower. 10 
[0099] Fig. 7 shows Configuration 8 schematically. In 
this Configuration 8, colored layers 1214rand 121 4b are 
formed entirely over the reflective layer 1212 in R pixel 
and B pixel while a colored layer 1214g is formed in an 
overlapping manner only on a part of the reflective layer 15 
1212 in G pixel. The colored layer 121 4g covers the ap- 
erture 1212a entirely, and projected in an expanding 
manner to an aperture edge thereof, and the colored lay- 
er 1 2 1 4g overlaps only a part of the reflection part 1212b 
thereby. 20 
[0100] In Configuration 8, the aperture ratio of the re- 
flective layer 1212 (the ratio of the area of the aperture 
1212a to the total area of the reflective layer 1212) is 
30-70% commonly to each of R, G and B pixels. The 
coverage area ratio of the G pixel (the ratio of the area 25 
of the colored layer 1214g to the area of the reflection 
part 1212b) is 40-80%. 

[01 01] In the above configuration, the saturation is en- 
sured in R pixel and B pixel by setting the coverage area 
ratio (the ratio of the colored layer overlapping the re- so 
flection part 1212 to the area of the reflection part 1212, 
i.e., the reflection coloring ratio) of the colored layers 
1214r and 1214b to the reflection part 1212b to be 
100%, and the brightness is increased in G pixel by set- 
ting the coverage area ratio of the colored layer 1214g 35 
to the reflection part 1212b. The brightness of the reflec- 
tive display can thus be increased without substantially 
degrading the saturation of R and B. 
[0102] Fig. 8 shows Configuration 9 schematically. In 
Configuration 9, a colored layer 1314b fully covers a re- *o 
flective layer 1312 in B pixel (with the coverage area ra- 
tio of 100%), and a colored layer 1314r has an aperture 
1314ra for exposing a part of the reflective layer 1312 
in R pixel. In addition, in G pixel, a colored layer 1314g 
completely overlaps the aperture 1 31 2a of the reflective 45 
layer 1312 in an expanding manner to its periphery, and 
overlaps only a part of the reflection part 1312b. 
[01 03] In Configuration 9, the aperture ratio of the re- 
flective layer 1312 is 30-70% commonly to the respec- 
tive RGB pixels. The coverage area ratio of R pixel is so 
60-100% and the coverage area ratio of G pixel is 
40-80%, respectively. 

[0104] Fig. 9 shows Configuration 10 schematically. 
In Configuration 10, a colored layer 1414b fully covers 
a reflective layer 1412 in B pixel (with the coverage area 55 
ratio of 100%), and a colored layer 1414r has apertures 
1414ra for exposing a part of the reflective layer 1412 
in R pixel. In this configuration, two apertures 141 4ra 



are provided. In addition, in G pixel, a colored layer 
1414g completely overlaps the aperture 1412a of the 
reflective layer 1412 in an expanding manner to its pe- 
riphery, and overlaps only a part of the reflection part 
1412b. 

[0105] In Configuration 10, the aperture ratio of the 
reflective layer 1412 is 30-70% commonly to the respec- 
tive RGB pixels. The coverage area ratio of R pixel is 
60-100% and the coverage area ratio of G pixel is 
40-80%, respectively. 

[0106] Fig. 10 shows Configuration 11 schematically. 
In Configuration 1 1 , a colored layer 1514b has apertures 
1514ba for exposing a part of the reflective layer 1512 
in B pixel. In this configuration, two apertures 1514ba 
are provided. A colored layer 1514r has apertures 
1514ra for exposing a part of the reflective layer 1512 
in R pixel. In this configuration, two apertures 1514ra 
are provided. In addition, in G pixel, a colored layer 
1514g completely overlaps the aperture 1512a of the 
reflective layer 1512 in an expanding manner to its pe- 
riphery, and overlaps only a part of the reflection part 
1512b. 

[01 07] In Configuration 1 1 , the aperture ratio of the re- 
flective layer 1512 is 30-70% commonly to the respec- 
tive RGB pixels. The coverage area ratio of B pixel is 
70-100%, the coverage area ratio of R pixel is 60-100%, 
and the coverage area ratio of G pixel is 40-80%, re- 
spectively. 

[0108] Fig. 11 shows Configuration 12 schematically. 
In Configuration 1 2, a colored layer 1 6 1 4b has apertures 
1614ba for exposing a part of the reflective layer 1612 
in B pixel. In this configuration, two apertures 1614ba 
are provided. A colored layer 1614r has apertures 
1614ra for exposing a part of the reflective layer 1612 
in R pixel. In this configuration, two apertures 1614ra 
are provided. In addition, in G pixel, a colored layer 
1614g completely overlaps the aperture 1612a of the 
reflective layer 1612 in an expanding manner to its pe- 
riphery, and overlaps only a part of the reflection part 
1612b. 

[0109] In Configuration 12, the aperture ratio of the 
reflective layer 1612 is 30% commonly to the respective 
RGB pixels. The coverage area ratio of B pixel is 65.3%, 
the coverage area ratio of R pixel is 65.3%, and the cov- 
erage area ratio of G pixel is 30.2%, respectively. 
[01 10] Fig. 1 2 shows Configuration 1 3 schematically. 
In Configuration 1 3, a colored layer 1714b has apertures 
1714ba for exposing a part of the reflective layer 1712 
in B pixel. In this configuration, two apertures 1714ba 
are provided. A colored layer 1714r has apertures 
1714ra for exposing a part of the reflective layer 1712 
in R pixel. In this configuration, two apertures 1714ra 
are provided. In addition, in G pixel, a colored layer 
1714g completely overlaps the aperture 1712a of the 
reflective layer 1712 in an expanding manner to its pe- 
riphery, and overlaps only a part of the reflection part 
1712b. 

[0111] In Configuration 13, the aperture ratio of the 
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reflective layer 1712 is 30% commonly to the respective 
RGB pixels. The coverage area ratio of B pixel is 75.4%, 
the coverage area ratio of R pixel is 75.4%, and the cov- 
erage area ratio of G pixel is 40.2%, respectively. 
[0112] Fig. 13 shows Configuration 14 schematically. 5 
In Configuration 14, a colored layer 1 814b has apertures 
1814ba for exposing a part of the reflective layer 1812 
in B pixel. In this configuration, two apertures 1814ba 
are provided. A colored layer 1814r has apertures 
1814ra for exposing a part of the reflective layer 1812 10 
in R pixel. In this configuration, two apertures 1814ra 
are provided. In addition, in G pixel, a colored layer. 
1814g completely overlaps the aperture 1812a of the 
reflective layer 1812 in an expanding manner to its pe- 
riphery, and overlaps only a part of the reflection part *5 
1812b. 

[0113] In Configuration 14, the aperture ratio of the 
reflective layer 1812 is 50% commonly to the respective 
RGB pixels. The coverage area ratio of B pixel is 75.4%, 
the coverage area ratio of R pixel is 75.4%, and the cov- 20 
erage area ratio of G pixel is 47.7%, respectively. 
[0114] Fig. 14 shows Configuration 15 schematically. 
In Configuration 1 5, a reflective layer 1 91 2 of each pixel 
is provided with a pair of right and left reflection parts 
1912b separated therefrom, and an aperture 1912a is 25 
formed therebetween. In B and R pixels, colored layers 
1914b and 1 91 4r fully cover the reflective layer 1912. In 
addition, in G pixel, a colored layer 1 914g completely 
overlaps the aperture 1912a of the reflective layer 1912 
in an expanding manner to its periphery, and overlaps 30 
only a part of the reflection part 1912b. This means that 
the reflection part 1912b is partially exposed by an ap- 
erture 1914ga made in a colored layer 1914g. 
[0115] In Configuration 15, the aperture ratio of the 
reflective layer 1 91 2 is 70% commonly to the respective 35 
RGB pixels. The coverage area ratio of B pixel and R 
pixel is 100%, and the coverage area ratio of G pixel is 
50.0%, respectively. 

[0116] Next, Fig. 15 shows the optical characteristic 
of the above Configurations 8 to 11. Fig. 15 shows the *o 
color data of the transmitted light and the reflected light 
of the RGB pixels of each configuration described above 
in the xy chromaticity diagram of 1 931 CIE xyz standard 
colorimetric system. Generally, in the xy chromaticity di- 
agram, the tint actually and visibly recognized is ar- 45 
ranged as a range of data values which depict a bell 
shape with the tint (hue and saturation) of the single 
wavelength light in the visible light range as a boundary, 
as shown in Fig. 16. When color display is performed by 
using a three-color (for example, RGB) colored layer, 50 
the tint in a triangle formed by connecting data points of 
each colored layer RGB can be formed. Basically, the 
quality of the color display is improved more as the area 
of the above triangle is increased. 

[0117] Fig. 15 shows the color data of the transmis- 55 
sive display of the above Configurations 8 to 11 (data 
point surrounded by a one-dot chain line) and the color 
data of the reflective display (data point surrounded by 



a two-dot chain line). Symbols of diamond, square, tri- 
angle, and X denote the data points of Configuration 8, 
Configuration 9, Configuration 10 and Configuration 11, 
respectively. Numeral H in the figure denotes the data 
point of the white display. 

[0118] In Fig. 15, the aperture ratio of the reflective 
layer is set to be 30% in comparison with the color data 
of the above configurations, a transmission part colored 
layer overlapping each aperture and a reflection part 
colored layer overlapping the reflection part are formed 
separately for each of RGB colors, measurement is per- 
formed for a case using a color filter substrate formed 
by a six-stage process for performing six patternings, 
and measurement is denoted by a black point in the fig- 
ure as an example of comparison. Fig. 17(a) shows the 
spectral light transmittance ratio of the above transmis- 
sion part colored layer, and Fig. 1 7(b) shows the spectral 
transmittance ratio of the above reflection part colored 
layer. In the transmission area (aperture), the light is 
transmitted through the transmission part colored layer 
only once, while in the reflection area (reflection part), 
the light is reciprocated, and transmitted through the re- 
flection part colored layer twice, and the transmission 
part colored layer indicating the optical characteristic of 
relatively high saturation (with low average light trans- 
mittance ratio T) as shown in Fig. 17(a) is employed, 
and the reflection part colored layer indicating the optical 
characteristic of relatively low saturation but high aver- 
age light transmittance ratio T as shown in Fig. 17(b) is 
employed. The brightness of the reflective display can 
be improved thereby while ensuring the saturation of 
transmissive display. 

[0119] In Configurations 8 to 11 in accordance with 
the present invention, a colored layer presenting the 
same optical characteristic as that of the transmission 
part colored layer of an example of comparison in the 
above six-stage process, i.e., the spectral light transmit- 
tance ratio shown in Fig. 17(a), is used. As a result, the 
color quality of the reflective display close to that of the 
above example of comparison can be obtained as 
shown in Fig! 15. In particular, Configuration 11 has the 
hue and the saturation substantially equal to that of the 
example of comparison. Thus, in the present invention, 
the color quality equivalent to that of a case in which the 
optical characteristics of a filter part of the transmission 
area and the reflection area are separately set can be 
realized. For the above example of comparison, pattern- 
ing twice for each color of RGB (for example, using a 
photolithography process) is not required, providing an 
advantage that the manufacturing cost can be reduced 
considerably. 

[0120] As shown in the above Configurations 8 to 1 5, 
the areas of the aperture of the reflective layer are pref- 
erably equal to each other between the pixels having 
the colored layer of different color. This is because the 
areas of the aperture of the colored layer are set to be 
equal to each other between the pixels having different 
colors, the quantity of the incident light can be equal to 



13 



EP 1 279 996 A2 



26 



25 

each other in the pixel of each color, and the color of the 
transmissive display can be adjusted in a relatively easy 
manner. For example, the area of the aperture consti- 
tuting the transmission area is equal to each other be- 
tween the colors of RGB, the presenting mode of the 
color is similar to that of a transmissive display device, 
and thus, the optical characteristic of the color agent can 
be set for the colored layer of each of the colors of RGB 
by appropriate adjustment of the color agent of the color 
filter used for the transmissive display device as a ref- 
erence. In addition, the area of the reflection part is set 
to be equal to each other between the pixels having the 
colored layer of different color, the area on the reflection 
part of the colored layer for each color can be easily ad- 
justed when adjusting the color of the reflective display. 
For example, each area of the reflection part constituting 
the reflection area are equal to each other between each 
of the colors RGB, the color presenting mode is the 
same as that of the reflective display device, and the 
coverage area ratio can be set by appropriate adjust- 
ment with the color filter used in the reflective display 
device as a reference. 

[0121] In the above configurations, the coverage area 
ratio of the reflection parts of the colored layer are dif- 
ferent from each other between the pixels having the 
colored layer of at least. two different colors. Thus, the 
color of the reflective display can be optimized by ad- 
justing the optical characteristic of the colored layer of 
each color so as to optimize the color of the transmissive 
display realized by the transmitted light through the ap- 
erture, and adjusting the coverage area ratio of the 
colored layer of each color overlapping the reflection 
part. Thus, the color of the transmissive display and the 
color of the reflective display can be adjusted independ- 
ently for each color. 

[0122] When having the colored layer of each of the 
colors RGB, the brightness can be improved while sup- 
pressing degradation of the saturation in the reflective 
display by setting the coverage area ratio of the green 
colored layer to be smaller than the coverage area ratio 
of the red and blue colored layers. The transmissive dis- 
play is constituted by the light transmitted through the 
colored layer only once in the area overlapping the ap- 
erture. On the other hand, the reflective display is mainly 
constituted by the light transmitted through the colored 
layer two times in the area overlapping the reflection 
part, and also affected partially be the reflected light re- 
flected by the part of the colored layer in the area over- 
lapping the aperture, and generally, the reflective dis- 
play is higher in saturation than the transmissive display 
while it is easily darkened. Thus, in the reflective display, 
the brightness must be increased even when the satu- 
ration is slightly degraded in the reflective display. 
[0123] However, in particular, the specific luminous 
efficacy has a peak at the wavelength of 555 nm, green 
color and yellow color look brighter than blue color even 
when the optical energy is same, and the relationship 
between the saturation and the brightness is different 



for each color. For example, in order to increase the 
brightness of the colored layers of red (R pixel) and blue 
(B pixel), one method which is practicable is to increase 
the light other than red and blue (the green light and 
5 yellow light of high specific luminous efficacy) unless the 
optical energy of the wavelength range of red and blue 
is increased considerably, and if the total optical quantity 
is limited, the saturation will be degraded considerably. 
On the other hand, the saturation will not be degraded 
considerably even when the brightness is increased be- 
cause the colored layer is not darkened even when the 
saturation is increased in a case of green (G pixel) main- 
ly consisting of the light in the wavelength range of high 
specific luminous efficacy. 

[0124] In the present invention, the saturation and the 
brightness in the reflective display are consistently real- 
ized by adjusting the coverage area ratio on the reflec- 
tion part of the colored layer. In R pixel and B pixel, if 
the coverage area ratio is degraded considerably, the 
colored layer is brightened while the saturation is rapidly 
degraded, and thus, the coverage area ratio is prefera- 
bly set to be as high as 60-1 00%. On the other hand, in 
G pixel, the light in the wavelength range of red and blue 
other than green is included in the reflected light by de- 
grading the coverage area ratio in G pixel. Since there 
is a large difference in the specific luminous efficacy to 
other wavelength range, the saturation is not degraded 
as expected, and the coverage area ratio is preferably 
set to be as low as 35-50%. By setting the coverage area 
ratio of green and the coverage area ratio of red and 
blue in the above range, the color reproducibility of the 
reflective display and the brightness can be improved 
while ensuring the color reproducibility of the transmis- 
sive display. 

[0125] In the above configurations, the reflection part 
is disposed on the entire periphery of the aperture. This 
means that, in the reflective layer, the aperture is formed 
in a condition surrounded by the reflection part. Thus, 
even when there is a slight positional deviation between 
the colored layer and the reflective layer, any area hot 
covered by the colored layer can be prevented from be- 
ing generated in the aperture. In particular, the colored 
layer can be formed in an overlapping manner on the 
center part and its periphery of the reflective layer by 
forming the aperture substantially in a center of the re- 
flective layer, the optical performance of the color filter 
is less easily affected by the patterning errors, etc., en- 
abling consistent production. 

[01 26] The aperture ratio to the reflective layer by the 
aperture is preferably 30-70%. Generally, when the ap- 
erture ratio of the reflective layer is increased, the trans- 
missive display becomes brighter while the reflective 
display is darkened, and the aperture ratio of the reflec- 
tive layer must be set so as to take a balance between 
the transmissive display and the reflective display. More 
specifically, if the aperture ratio is too small, the illumi- 
nance of the backlight must be increased, and the power 
consumption of the backlight is increased. If the aper- 
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ture ratio is too large, the reflective display is darkened, 
and less easily recognized visually. In the present em- 
bodiment, the brightness of the reflective display can be 
gained by providing an area not overlapping the colored 
layer in a part of the reflection part. The transmissive 
display and the reflective display can be balanced in the 
above range of large aperture ratio in comparison with 
a case employing a structure in which the colored layer 
overlaps the entire reflective layer, and excellent color 
quality can be realized in both the transmissive display 
and the reflective display. When the aperture ratio is be- 
low the above range, the power consumption is in- 
creased since the brightness of the transmissive display 
must be ensured, and this configuration is less easily 
employed in portable electronic apparatus such as cel- 
lular phones. When the aperture ratio exceeds the 
above range, the brightness and the saturation in the 
reflective display is less easily consistent, and the color 
quality in the reflective display is less easily ensured. 
[0127] Description will be made of an embodiment in 
which an electro-optical device including the above liq- 
uid crystal display panel is used for a display device of 
an electronic apparatus. Fig. 18 is a diagrammatic illus- 
tration showing the overall configuration of the present 
embodiment. The electronic apparatus shown here 
comprises a liquid crystal display panel 200 similar to 
the above, and a control means 1200 for control the liq- 
uid crystal display panel. Here, the liquid crystal display 
panel 200 is illustrated conceptually and separately in a 
panel structure 200A and a drive circuit 200B compris- 
ing a semiconductor IC, etc. The control means 1200 
comprises a display information output source 1210, a 
display processing circuit 1220, a power supply circuit 
1220, and a timing generator 1240. 
[0128] The display information output source 1210 
comprises a memory comprising a ROM (Read Only 
Memory), a RAM (Random Access Memory), etc., a 
storage unit comprising a magnetic recording disk, an 
optical recording disk, etc., and a synchronous circuit 
for outputting the digital image signal in a synchronous 
manner, and supplies the display information to the dis- 
play information processing circuit 1220 in the form of 
the image signal of a predetermined format based on 
various kinds of clock signals generated by the timing 
generator 1240. 

[0129] The display information processing circuit 
1220 comprises various kinds of known circuits such as 
a serial-parallel conversion circuit, an amplification and 
inverting circuit, a rotation circuit, a gamma correction 
circuit, and a clamp circuit, and performs the processing 
of the input display information, and supplies the image 
information to the drive circuit 200B together with the 
clock signal CLK. The drive circuit 200B includes a scan- 
ning line drive circuit, a data line drive circuit, and an 
inspection circuit. The power supply circuit 1230 sup- 
plies the predetermined voltage to each component de- 
scribed above. 

[01 30] Fig. 1 9 shows a cellular phone which is an em- 
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bodiment of the electronic apparatus in accordance with 
the present invention. In this cellular phone 2000, a cir- 
cuit board 2001 inside a casing 2010, and the above 
liquid crystal display panel 200 is mounted on this circuit 
5 board 2001. Operation buttons 2020 are arrayed on a 
front surface of the casing 2010, and an antenna 2030 
is fitted from an end part in a retractable manner. A 
speaker is disposed inside a receiver part 2040, and a 
microphone is built inside a transmission unit 2050. 
[01 31] The liquid crystal display panel 200 installed in 
a casing 2010 is capable of visually recognizing a dis- 
play surface (the above liquid crystal display area A) 
through a display window 2060. 
[0132] The electro-optical device and the electronic 
apparatus of the present invention are not limited only 
to above examples shown in the above, but, needless 
to say, various kinds of modification can be made which 
do not deviate from the object of the present invention. 
For example, the liquid crystal display panel according 
to each embodiment described above has a simplified 
matrix type structure, but are also applicable to an active 
matrix type liquid crystal device using an active element 
such as a TFT (Thin Film Transistor) and a TFD (Thin 
Film Diode). In addition, the liquid crystal display panel 
according to the above embodiment has a so-called 
COG type structure, but any liquid crystal display panel 
having a structure with an IC chip directly mounted ther- 
eon, for example, with a flexible circuit board and a TAB 
substrate connected to the liquid crystal display panel 
may be acceptable. 

[01 33] In the above embodiment, description is made 
on the application of an electro-optical device to a liquid 
crystal device. The present invention is not limited there- 
to, but applicable to various kinds of electro-optical de- 
vices such as an electroluminescence device, in partic- 
ular, an organic electroluminescence device and an in- 
organic electroluminescence device, a plasma display 
device, an FED (Field Emission Display) device, an LED 
(Light Emitting Diode) display device, an electrophore- 
sis display device, a low profile CRT, a compact TV set 
using a liquid crystal shutter, etc., and a device using a 
digital micro-mirror device (DMD). 
[0134] As described above, according to the present 
invention, the saturation of the transmissive display can 
be improved while ensuring the brightness of the reflec- 
tive display. In addition, difference in color between the 
reflective display and the transmissive display can be 
reduced. 

[0135] The aforegoing description has been given by 
way of example only and it will be appreciated by a per- 
son skilled in the art that modifications can be made 
without departing from the scope of the present inven- 
tion. 



Claims 

1. An electro-optical device comprising: 
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an electro-optical substance layer disposed be- 
tween a pair of substrates; 
a colored layer disposed between one of said 
pair of substrates and said electro-optical sub- 
stance layer; and 

a reflective layer having a reflection part for re- 
flecting the light passing through said electro- 
optical substance layer and said colored layer 
and an aperture, 

said colored layer being disposed on said ap- 
erture, and disposed only on a part of said re- 
flection part. 

2. An electro-optical device according to Claim 1, 
wherein the ratio of the area of said reflection part 
having said colored layer to the area of said reflec- 
tion part is smaller than the ratio of the area of said 
aperture having said colored layer to the area of 
said aperture. 

3. An electro-optical device according to Claim 1 or 
Claim 2, wherein said colored layer is disposed so 
as to completely cover said aperture. 

4. An electro-optical device according to Claim 1 or 
Claim 2, wherein said colored layer is disposed in 
an expanding manner over said reflection part 
around said aperture from said aperture. 

5. An electro-optical device comprising: 

a pair of display electrodes; 
an electro-optical substance layer disposed be- 
tween said pair of display electrodes; 
a plurality of pixels disposed corresponding to 
an overlapping area in the two-dimensional di- 
rection of said pair of display electrodes; 
a colored layer disposed in each of said pixels; 
and 

a reflective layer disposed in each of the pixels, 
and having a reflection part for reflecting the 
light passing through said electro-optical sub- 
stance layer and said colored layer and an ap- 
erture, 

said colored layer being disposed on said ap- 
erture, and disposed on a part of said reflection 
part. 

6. An electro-optical device according to Claim 5, 
wherein the area of said aperture corresponding to 
each of said plurality of pixels is substantially iden- 
tical to each other, and the area of said colored layer 
corresponding to at least one of said plurality of pix- 
els is different from the area of said colored layer 
corresponding to the rest of said plurality of pixels. 

7. An electro-optical device comprising: 



an electro-optical substance layer disposed on 
a plurality of pixels; 

a plurality of kinds of colored layers disposed 
on said pixels and having colors different from 

5 each other; and 

a reflective layer disposed on each of said pix- 
els and having a reflection part for reflecting the 
light passing through said electro-optical sub- 
stance layer and said colored layer and an ap- 

10 erture, and 

said colored layer being disposed on said ap- 
erture and said reflection part, and at least one 
kind of said colored layers out of said plurality 
of kinds of colored layers being disposed only 

15 a part of said reflection part. 

8. An electro-optical device according to Claim 7, 
wherein the area of said aperture of said reflective 
layer is set to be identical between said pixels hav- 

20 ing said colored layer of different colors. 

9. An electro-optical device according to Claim 7, 
wherein the coverage area ratio on said reflection 
part of said colored layer is different from each other 

25 between said pixels having said colored layer of at 
least two different colors. 

10. An electro-optical device according to Claim 9, 
wherein said colored layers of red, green and blue 

30 colors are provided, and said coverage area ratio 
of said colored layer of green color is smaller than 
said coverage area ratio of said colored layers of 
red and blue colors. 

35 11. An electro-optical device according to Claim 10, 
wherein said coverage area ratio of said colored 
layer of green color is 30-50%, and said coverage 
area ratio of said colored layers of red and blue 
colors is 60-100%. 

40 

12. An electro-optical device according to Claim 1 , 5 or 
7, wherein said reflection part is disposed on the 
entire periphery of said aperture. 

45 1 3. An electro-optical device according to Claim 1 , 5 or 
7, wherein the aperture ratio of said aperture to said 
reflective layer is 30-70%. 

14. An electronic apparatus comprising: 



an electro-optical device according to Claim 1 , 
5 or 7; and 

a control means for controlling said electro-op- 
tical device. 

55 

15. A color filter substrate comprising: 
a substrate; 
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a reflective layer disposed on said substrate 
and having a reflection part for reflecting the 
light and an aperture; and 
a colored layer disposed on said substrate, 
said colored layer being disposed on said ap- 5 
erture, and disposed only on a part of said re- 
flection part. 

16. A color filter substrate comprising: 

10 

a substrate with pixels set thereto; 
a colored layer disposed on said substrate ac- 
cording to said pixels; and 
a reflective layer disposed on said substrate ac- 
cording to said pixels and having a reflection is 
part for reflecting the light and an aperture, 
said colored layer being disposed on said ap- 
erture, and disposed at least on a part of said 
reflection part. 

20 

17. A color filter substrate comprising: 

a substrate with pixels set thereto; 
a plurality of kinds of colored layers disposed 
on said substrate according to said pixels and 25 
having colors different from each other; and 
a reflective layer disposed on said substrate ac- 
cording to said pixels and having a reflection 
part for reflecting the light and an aperture, 
said colored layer being disposed on said ap- 30 
erture and said reflection part, and at least one 
kind of said plurality of kinds of colored layers 
being disposed only on a part of said reflection 
part. 

35 
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FIG. 3 
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FIG. 6 



(a 




912b 



912a 



1012 

1015 r 

1 01 4 r 
(b ) 

1012a- 




914r 914g 914b 



1014g 1015g 
R \ G ) 8 



1015b 



^777 




ZZZ 



Kxx>6r 




1014b 
^N-1012b 



1016r 1016g 1016b 

1112 1115r m5g 1112b 

R J G ) B 

, 1 1 15b 

1 1 14b 



1 1 14g 




R G 
1 1 14g 



8 



(d ) 



11l5r \1115g 1115r 

1112 ) /^X?\ ) 1112a 
/ I 1 1 12a^ / 



11 14 r I ~ / 1 1 14b 
1112b u \ 2b 



23 



EP 1 279 996 A2 
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